Flora of lactic acid bacteria in five Miang samples, fermented tea leaves on northern Thailand, was studied quantitatively and qualitatively. Lactic acid bacteria (103 to 105 per gram) were found in four samples, and none in one sample. The latter sample may have been greatly affected by the production of acid during the long fermentation. The ten representative isolates were characterized by their morphological, physiological, and chemical properties. All of these isolates were identified as Lactobacillus plantarum (Olra-Jensen) Bergey et al., with diaminopimelic acid (Azpm) peptidoglycan in the cell wall. Apparently the tea tannic acid in the Miang selected only the L. plantarum with Azpm peptidoglycan in the cell wall. This is interesting in view of the bacterial flora formation involved in Miang fermentation.
Miang(1, 2) is non-salted and fermented tea leaves traditionally produced in the mountain areas of northern Thailand. A sample of Miang is shown in Fig. 1(A) . Harvested tea leaves are immediately steamed, and then naturally fermented in a bamboo baskets lined with banana leaves or a vinyl bag ( Fig. 1(B) ). Natural fermentation is usually continued for one year, but for only one week when young leaves are used (3). The detailed procedure for Miang preparation is shown in Fig. 2 . Tea leaves of the fermented product are soft and have a bitter and acidic taste with good flavor. Therefore, it can be supposed that lactic acid bacteria and yeast participate in Miang fermentation.
On the other hand, tea leaves contain a considerable amount of tannic acid (4, 5) which is known to be a microbial growth inhibitor (6) (7) (8) (9) (10) . NISHIYAMA and KozAKI (11) (12) (13) reported that most strains of the lactic acid bacteria they tested were inhibited by tea tannic acid, but several strains were not. They also explained that the non-sensitive strains from tannic acid were Lactobacillus strains with the diaminopimelic acid (A2pm) peptidoglycan type (14) in the cell wall (15) .
Therefore, we were especially interested in the characteristics of the lactic acid bacteria participating in Miang fermentation because lactic acid bacteria with the A2pm peptidoglycan type in the cell wall were limited to five species of the genus Lactobacillus: L. plantarum (Orla-Jensen) Bergey et al. (14) (18) .
In this paper we describe the peculiar bacterial flora of Miang fermentation consisting of L. plantarum with A2pm peptidoglycan type in the cell wall. Table 1 .
Isolation media. Two media were employed for the isolation of lactic acid bacteria: (I) The GYP-CaC03 agar was composed of 10 g glucose, 5 g yeast extract (Difco), 5 g Bacto-peptone (Difco), 0.5 g Tween 80, 5 ml of salts solution, 5 g CaC03, 15g agar, and 1,000 ml of water; the pH was adjusted to 6.8. The salts solution contained 40 g MgS04 7H20, 2 g MnS04.4H20, 2 g Fe504.7H20, 2 g NaCI, and 1,000 ml of distilled water. Calcium carbonate was previously sterilized in an oven at 180°C for 6 hr. Sterilized calcium carbonate and agar were added to the medium after adjusting to pH 6.8. (II) GYP-tea-CaC03 agar contained 60 ml of tea infusion in 1,000 ml of GYP-CaC03 agar. The tea infusion was prepared by boiling 10 g of dried Japanese green tea leaves with 100 ml of water for 5 min.
Isolation of lactic acid bacteria. Ten grams of fermented tea leaves of Miang was shaken well with 100 ml of sterile 0.85°c NaCI solution into decimal system. Then 1 ml aliquots of the diluted suspension were poured into a petri-dishes with 15 ml of melted agar medium. After solidifying, these agar plates were covered with sterilized 1.500 agar to provide an anaerobic environment. Lactic acid bacteria were detected by the appearance of colonies with a clear zone dissolving CaC03 after incubation at 30°C for 72 hr.
Ident flcation method. The GYP broth used for preculturing was composed of 10 g glucose, 5 g yeast extract (Difco), 5 g Bacto-peptone (Difco), 2 g Na acetate 3H20, 0.5 g Tween 80, 5 ml of salts solution, and 1,000 ml of water; the pH of this broth was adjusted to 6.8. The preculturing was done in a static condition at 30°C for 20 hr. Cell form, cell size, gram reaction, and the amino acid composition of peptidoglycan were determined using cells grown on GYP broth. Gram staining was by the HUCKER-CONN modification (I9). Catalase activity was determined by pouring 3 % H202 on the cells, which were collected by centrifugation from a GYP broth culture incubated for 24 hr. Nitrate reduction was tested in peptone water containing 0.1 % KN03 after 3 and 7 days of incubation. Motility was determined by using a soft agar medium: 5 g glucose, 5 g yeast extract (Difco), 5 g Bacto-peptone (Difco), 5 g meat extract, 0.5 g Tween 80, 1.5 g agar, and 1,000 ml of water; the pH of this medium was adjusted to 6.8. For the observation of motility inoculum picked up from the preculture broth was stabbed to a soft agar medium with a sterile needle. The motility could be detected by the spread of growth from the needle line stabbed on a soft agar medium after 24 hr of incubation. The temperature requirement was tested using GYP broth at the following temperatures: 5°C, 10°C, 15°C, 20°C, 25°C, 30°C, 35°C, 40°C, 45°C, and 50°C. One drop of the cell suspension, preculture broth diluted ten times with sterile saline solution, was inoculated into 5 ml of the GYP broth prepared for the test. The degree of growth at each temperature was determined by titrating with 0.1 N NaOH solution. Gas production from glucose was tested by using 5 ml of GYP broth containing a Durham tube prepared in a test tube. Action on milk was tested by using litmus milk medium composed of 100 g skim milk, 0.5 g azolitmin, and 1,000 ml of water; the pH of this medium was adjusted to 7.0. Test of sugar fermentation. The agar-plate method was employed for the test described by OKADA et al. (20) .
Determination of fermentation products. Fermentation products from glucose were determined by the procedures described by KATAGIRI and K:ETAHARA (21) . The optical forms of lactic acid produced were determined by the enzymatic method (22) .
Cell wall peptidoglycan type. The peptidoglycan of lactic acid bacteria was prepared according to the rapid method described by SCHLEIFER and KANDLER (14) . The prepared peptidoglycan was hydrolyzed with 4 N HC1 at 100°C for 20 hr in a sealed tube, and amino acids in the hydrolyzate were determined by paper chromatography using a solvent system of n-butanol : pyridine : water : gracial acetic acid (60-40-30-3). Development was repeated twice. N inhydrin-butanol (0.2%) was sprayed to detect amino acids.
Ident(Jication criterion. The identification criteria used were in accordance with the systems used in Bergey's Manual 8th ed., 1974 (23) .
RESULTS

Lactic acid bacteria in Miang
The number of lactic acid bacteria in Miang samples was counted on isolation media of both GYP-CaC03 agar and GYP-tea-CaC03 agar. As shown in Table 2 , the number of lactic acid bacteria was 103 to 10,$/g from each of the four samples A, C, D, and E. No appreciable difference in cell number was observed between the two isolation media in four samples. The results indicated that lactic acid bacteria participating in Miang fermentation did not require any component. In sample B, lactic acid bacteria were not detected. This may be due to the death of bacteria caused by acid produced during the long fermentation, since the pH of sample B Flora of Lactic Acid Bacteria in Miang  61 was lower than that of the other samples.
Identification of lactic acid bacteria Fifty-two strains were isolated by the use of GYP-CaC03 agar plates. All the isolates were rod-shaped gram positive bacteria, had no catalase, produced no gas from glucose, and grew at 15°C but not at 45°C. Further, the isolates were grouped on the basis of fermentation of 7 kinds of sugars as shown in Table 3 . Those characteristics showed that they belonged to the genus Lactobacillus.
Ten representative strains, A-1, A-4, C-5, C-7, C-9, D-1, D-15, D-22, E-l, and E-6, were selected for identification. Their morphological and physiological characteristics are shown in Table 4 , and their fermentation abilities, examined with 21 kinds of sugars, are shown in Table 5 . Strains A-1, C-7, D-15, and E-6 were assignable to Lactobacillus plantarum, since they were mesophillic, produced DL-lactic acid homofermentatively, fermented L-arabinose and/or D-xylose, and contained the A2pm peptidoglycan type in their cell wall. The other six strains, A-4, C-5, C-9, D-l, D-22, and E-l, were also mesophillic and produced DL lactic acid homofermentatively, but they did not ferment L-arabinose and D-xylose. The six strains were different from the above four strains on the pentoses-fermentation. Hence, the six strains could have been identified phenotipically as Lactobacillus casei (Orla-Jensen) Hansen and Lessel subsp. pseudoplantarum Abo-Elnaga and Kandler. However, we identified them as L, plantarum because of their A2pm peptidoglycan type in the cell wall. SCHLEIFER and KANDLER reported that strain ATCC 25598 of L. casei subsp. pseudoplantarum contains L-lysine peptidoglycan in the cell wall (14 (29) . Grass silage, Gundruk, and Sunki are, like Miang, non-salt-fermented products.
Of lactic acid bacteria found in grass silage, Gundruk, and Sunki, all of the species except L. plantarum contain no A2pm peptidoglycan in their cell wall (14) . NISHIYAMA showed that lactic acid bacteria with A2pm peptidoglycan can tolerate the tannic acid in tea leaves, but without A2pm peptidoglycan these bacteria cannot tolerate it (15) . Therefore, the peculiar bacterial flora in Miang, composed exclusively of L. plan tarum, seemed to be a result of the selection of the lactic acid bacteria with A2pm peptidolgycan type in the cell wall. This fact is interesting from the point of view of bacterial flora formation . 
